Here we present three clinical cases of canine dermatophytosis resolved with topical propolis treatment that involved alopecia and well-demarcated erythematous lesions. These cases were positively identified by direct observation of samples from the affected zones with 10% KOH. Each sample was cultured, leading to the isolation of Microsporum gypseum in one case and Microsporum canis in the other two cases. The animals' subsequent treatment included bathing using a commercial soap with propolis every seven days for 3 to 8 weeks, as well as the use of a propoliscontaining ointment elaborated in our laboratory, which was applied to the lesions once a day for three weeks. From the second week of treatment, all cultures were negative. At the end of treatment, all cases displayed full recovery of the injuries and hair growth in these areas. In these clinical cases, treatment with propolis was effective, supporting the use of propolis as a promising natural alternative with no known collateral effects.
Introduction
Dermatophytosis (ringworm) is a superficial skin infection caused by pathogenic dermatophytes of the filamentous fungi group comprising the genera Epidermophyton, Trichophyton, and Microsporum. Dermatophytes can digest keratin, and they live on keratinized tissues, such as nails, hair follicles, hair, and the stratum corneum of the skin. Dermatophytes are important because they have a zoonotic potential. Diverse treatments have been proposed for this clinical disease [1] [2] , including multiple antidermatophytic medications for both systemic and topical administration. However, the available antifungal agents-such as allylamine, azoles, and othersare inefficient and are associated with severe side effects. Dermatologists often attribute treatment failures to short therapy duration and lack of adequately specific drugs [3] .
Efforts to develop new therapeutic strategies to treat mycosis have focused on treatments involving natural derivatives. Antifungal compounds are common in nature, with many volatile essential oils obtained from plants showing promise as suitable tools to combat mycoses in both human and animals. Among such products, propolis has recently seen increasing usage in medicine [4] . Propolis is made by bees and comprises about 50% resinous components, mostly polyphenols [5] . Its medical use has been documented over more than two millennia, and it reportedly possesses extensive pharmacological properties, including antibacterial, antifungal, antiviral, antiparasitic, antiinflammatory, antioxidant, antiulcer, hepatoprotective, antitumor, immunomodulatory, healing, and anesthetic [6] [7] .
Reports of the antifungal activity of natural products, including propolis, typically correspond to in vitro tests. Studies have shown the efficacy of propolis against some dermatophytes, including Microsporum gypseum [8] .
In the present study, we reported three cases of canine dermatophytosis resolved with topical propolis treatment.
Material and Methods

Cases
Case 1 was a two-month-old, 2.3-kg, white, male creole dog that lived in an apartment. The owner noticed alopecic areas in the left anterior member and both hind limbs. The animal was observed to lick and occasionally scratch these areas, and injuries had been noticed a week and a half earlier. No treatment had yet been administered to control these problems. Examination of the skin and annexes revealed an oval erythematous area of approximately five inches in diameter with well-defined borders and loss of hair on the skin of the left forelimb, at the height of the radiocarpal joint. The same type of lesion was also observed on the hindquarters, on the skin covering the region of the distal phalanges and in the interphalangeal space (Figure 1(a) ).
Case 2 was a five-month-old, 10-kg canine of the Boxer breed, with skin lesions covering almost the entire head (Figure 2(a) ). The owner had reported observing injuries to the animal several months earlier, and the animal was previously treated for scabies without success. The animal had a sloppy and dirty appearance and the third eyelid of his left eye was inflamed. The dog showed signs of malnutrition, was underweight, had no proper diet, and lived in the open, in other words, it was suffering animal abuse. The dog lived in an area where the floor was earth, and did not live with other dogs.
Case 3 was an eight-month-old male canine of the Yorkshire terrier breed. This animal had been subjected to multiple previous treatments with antibacterial ointments. Its body condition was deteriorating and it suffered from generalized pruritus. Skin problems were apparent, and on the animal's back was found a keloid scar that was circular, elevated, and of a soft consistency, corresponding to the inflammatory lesion called a Celsus kerion. (Figure 3(a) ). No antimicrobials were used as secondary prophylaxis for the associated infections.
Laboratory Procedures
For the first case, the following tests were performed: blood count, blood chemistry of three elements (glucose, urea, creatinine) and skin scrapings that were sent to the laboratory of parasitology and mycology. In the second case, only skin scrapings were sent to the mycology lab. For the third case, skin scraping was performed, as well as a complete blood count to rule out problems associated with food-borne hypersensitivity. An intradermic test was performed to detect possible allergies to the following antigens: pollen, grass, cotton, and fiberglass.
For each mycological examination, hair samples were taken and scales were collected from the edges of the lesions for direct examination with 10% KOH. These samples were then used to inoculate plates containing Mycobiotic agar. After these Petri dishes were incubated at 28˚C for one week, we observed the formation of colonies with a sandy appearance. Using Riddel's microculture technique [9] , identification was performed on the morphological characteristics using the monographs of Larone [10] . For the radial growth inhibition procedure (antifungal activity assay), sterile 5 mm diameter discs of Whatman paper No. 5 were impregnated with 4, 8, 12, and 16 mg of ethanolic extract of propolis (EEP), based on a stock solution of 120 mg/300 µl and another of 360 mg/300 µl, using 70% ethanol as the solvent. Control discs were impregnated with only 10 µl 70% ethanol. For each examined fungi, a 5 mm diameter portion of culture was placed in the center of a Petri dish (100 × 15 mm) containing 20 ml of sterile potato dextrose agar (PDA, DIBICO), and discs were placed around the inoculum, maintaining a 30-mm distance from it. Control discs were impregnated with 50 µg ketoconazole (BIORAD 62866) and 50 µg clotrimazole (BIORAD 62816). All Petri dishes were incubated at 28˚C in the dark for 72 to 96 hours, or until the agar surface was covered by mycelium. Radial growth inhibition was observed by the formation of half-moon-shaped zones of inhibition around the discs. Each assay was repeated three times [11] [12] . To determine the minimum inhibitory concentration (MIC), we made a stock solution of 100 mg propolis in 400 µl 70% ethanol. From this stock solution, seven different concentrations of propolis were prepared in potato dextrose agar (PDA, DIBICO): 3.0, 2.5, 2.0, 1.5, 1.0, 0.50, and 0.25 mg/ml. Using 24-well flat-bottom plates (EVERGREEN), we added 1 ml PDA to each well, including a specific concentration of propolis. We prepared three wells with each concentration, as well as with controls that included PDA without extract. After the sterility test, the center of each well was inoculated with a 1.6-mm-diameter fragment of the fungus culture. The plates were incubated at 25˚C for 7 days until the total development of the controls without propolis. The minimum inhibitory concentration (MIC) was considered to be the lowest concentration of propolis that inhibited the growth of each tested fungus [12] [13].
Treatment
Lesions were washed daily with commercial soap containing propolis (Protex with propolis, COLGATE) for three weeks. Propolis ointment was made at our laboratory using a propolis sample collected in the apiary of the Faculty. EEP was obtained by maceration of 30 g propolis in 100 mL 70% ethanol for one week at room temperature. After filtration, the extract was evaporated under vacuum at 50˚C. The propolis extract (5 g) was heated in a water bath with 30 g petroleumjelly (Vaseline) until melting. They were then mixed, and this mixture was used as the propolis ointment for application to the dogs. By HPLC analysis, the main propolis constituents had previously been identified as flavones, cinnamic acid derivative, and caffeic acid derivative [14] . The ointment was applied once daily to the carefully washed and dried lesions, for three weeks for cases 1 and 2 and eight weeks for case 3. The patients were bathed with the same commercial soap with propolis every seven days for three weeks, and the skin was thoroughly dried after each bath. For case 2, in addition to the treatment, the patient was supplied with a vitamin complex and commercial food. No other pharmaceutical product was applied. A hair sample was taken every week to detect the presence of dermatophytes.
Results
In case 1, hematic biometry revealed absolute lymphocytosis, neutropenia and monocytopenia. Blood chemistry showed glucose levels high, urea normal and creatinine levels below. The skin scrapings were negative for the presence of parasites. In case 3, hematic biometry showed that the blood was normal, and intradermal tests were negative.
From all cases, hair samples were evaluated by direct observation with 10% KOH, which revealed an ectothrix type of parasitism. The fungal isolate from case 1 was identified as Microsporum gypseum, while those from cases 2 and 3 were identified as Microsporum canis (Figure 1(c), Figure 2(c), and Figure 3(c) ). The radial growth inhibition assay showed that the two strains of M. canis were inhibited at all concentrations, while M. gypseum was inhibited only at 2, 4, and 8 mg (Figure 4) . For all three strains, the MIC was determined to be 0.5 mg/ml.
All cases were reviewed every seven days from the third week of treatment. For cases 1 and 2, remission of all lesions and hair growth in the affected areas were observed at the end of three weeks of treatment. Case 3 presented positive results from the first week-including significant reduction of pruritus, increased feed intake, and increased tolerance to ointment application-and the lesion resolution occurred progressively from the 3rd week to the final resolution after 8 weeks. Negative cultures were obtained from all cases at the third week of treatment (Table 1 & Figure 1(b), Figure 2(b), Figure 3(b) ).
Discussion and Conclusion
Several studies have examined the in vitro antimycotic activity of propolis against dermatophytes, but reports of clinical case studies are scarce. In one study performed in humans, the efficacy of two weeks of topical application of 100 mg/ml Brazilian propolis was demonstrated in seven patients with varying degrees of tinea corporis and tinea interdigitalis from which Trichophyton rubrum was isolated [15] . Propolis has also shown clinical efficacy against chronic vaginal candidiasis. Among 54 patients with recurrent vaginal infections who had under- gone at least one cycle of antibiotic treatment, application of a 5% aqueous propolis solution as a vaginal douche for seven days was demonstrated to be an effective treatment [5] . Propolis has also been clinically tested for use against epidermophytosis in tuberculosis skin lesions, alopecia, psoriasis by various microorganisms, chronic eczema, pyoderma, and stigmatizing injuries infected with Trichophyton in human patients [6] . Additionally, propolis has been shown to be effective in the treatment of oral diseases in humans. One study showed that EEP inhibited all of the Candida albicans strains collected from HIV-seropositive and HIV-seronegative Brazilian patients with oral candidiasis. The effects of EEP did not significantly differ from those of nystatin, but did significantly differ from the effects of other antifungals, since C. albicans showed resistance to antifungal agents. Brazilian commercial EEP formulated to ensure physical and chemical stability was also found to inhibit oral candidiasis in 12 denture-bearing patients with prosthesis-associated stomatitis and candidiasis. The available data suggest that commercial EEP could be an alternative medicine for candidiasis treatment in HIV-positive patients [16] .
With regard to veterinary medicine, propolis is reportedly active against fungal otitis in dogs. In one study, a propolis preparation was administered to the external ear canals, twice daily for 14 days. Of the 38 dogs treated with propolis, 27 (71%) responded satisfactorily (i.e., cured or clearly improved, both clinical and microbiologically). The remaining 11 dogs (29%) did not respond to the treatment and were thus treated with a different therapy after the trials. These findings support the interest in developing a topical formulation of propolis as a promising new therapy for the treatment of otitis in dogs, as it appears that this formulation has a wide antimicrobiological spectrum, antiinflammatory effects, and is a natural and inexpensive product [17] .
Another veterinary study determined that the application of propolis and Whitfield's ointment was a highly effective treatment for bovine dermatophytosis, showing results better than with the use of either substance alone. However, this study involved topical treatments applied over a period of 14 days, and thus this treatment might not be practical in cases where large areas of skin are affected, in modern husbandry systems involving many animals, and in countries where production costs are high [18] .
The present study provides the first information regarding propolis use in canine dermatophytosis or ringworm. Our preliminary data suggest a possible application of propolis for the treatment of dermatomycosis in dogs. Considering the potential zoonotic impact, the use of alternative antimycotic compounds would be of aid to limit the development of Microsporum canis and M. gypseum infections.
